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UNDULATOR PERFORMANCE ON PEP STORACE RING WITH DIFFERENY OPTICS®

INTRODUCTION

Various magnetic optics have been considered for PEP storage ring which
can be used depending on the operational circumstances. The storage ring for
example is operated around 14.5 GeV when high energy investigations are car-
ried out in which the positron and electron beams coliide. This {is referred
to as the colliding-beam optics (CBO) mode. The low-emfttance optics (LEO)
has been tested at 8 GeV which is very useful for numerous synchrotron radia-
tion studies. In addition, a new lattice with damping wigglers has been
proposed which can provide very Tow emittance. This is referred to as very
low emittance optics (VLEQ). These lattices also provide straight sections
with different lengths varying from 6 m in the symmetry straight, to 14 or 117
meters in the interactions regions which in principle would permit installa-
tion of very long undulator insertion devices for special applications. Our
ability to profitably utilize the radiation from these undutators proposed for
PEP {is determined by their performance in the different operating modes and by
whether the design tolerance required for acceptable operation of the device
can be met with avaflable technology.

The purpose of this paper {s to provide spectral characteristics for some

typical devices calculated using a Monte-Carlo algorithm in which the Lienard-



Wiechert potential {s integrated over the trajectory of the charged particle

- along the undulator Tength. The actual emittance of the particie beam for the
varfous PEP operating modes (see Table 1) are included explicitly in the
simulations. In additfon, we have carried out a single partial analysis of
the effects of undulator magnetic field errors on the spectral properties in

order to estimate the design tolerance requirements necessary for devices

which have been proposed PEP.

TABLE 1

Optics €y €y Oy oy o, qy‘

m-rad m~rad pm 0] urad urad
CBO 117 12 2443 240 48 47
(14.5 GeV)
LEO 8.2 0.8 749 287 11 3
(8 Gev)
YLEO 1.9 0.2 205 8 9 24
(8 GeV)

UNDULATOR SPECTRAL PROPERTIES

At present there are two undulators installed on PEP, each approximately
2 m long and with 26 periods of length 7.7 cm. One of these devices has
operated in both the 8 GeV LEO and 14.5 GeV CBO modes. At the higher ring
energy, the first harmonic radiation {s between 10 and 20 keV depending on the
magnetic gap. The spectral on-axfs brillifance for this undulator in the 8 GeV
LEO mode is shown in Fig. 1. In this case, the first harmonic energy ranges

between approximately 3 and 6 keV for the magnet gaps shown. The minimum



magnet gap (4 cm) determines the smallest achievable first harmonic energy.
At present this closed gap is the smallest possibie with the present ID vacuum
chamber installed on the PEP ring.

Higher first harmonic energies in the range of 10 to 20 keY at 8 GeV can
be realized by using a devices with a period smaller than 7.7 cm. The perfor-
mance of one such undulator with a period of 3.3 cm is shown in Fig. 2 for PEP
operated in the LEO mode. The length of this device 1s approximately the same
as the 7.7 cm one and contains 60 periods.

As can be seen, the on-axis brillfance 1s appreciable at ail photon
energies for the shorter period device. However, a smaller operating magnetic
gap in the range of 1.5 to 2.0 cm i{s necessary. This means than an ID vacuum
chamber with a vertical height is required which is smaller than the present
one {nstalled on PEP.

Fig. 3 compares the peak on-axis brilliance verses first harmonic energy
for the 7.7 cm undulator in the LEO mode and the 3.3 cm device in the LEO and
YLEO modes at 8 GeV. In the VLEO mode, a spectral brilliances exceeding 1019
pk/s/O.l%BH/mmZ/mrad2 can be expected for the shorter period device. A
similar comparison {s made for third harmonic radiation in Fig. 4. As {s
evident, appreciable brilliance for this component {s achievable with the 3.3

undulator in both the LEQ and YLEQO modes up to photon energies of 4 keV.

RANDOM UNDULATOR MAGNETIC FIELD ERRORS

As 1s known, [1-3], random errors in the undulator magnetic field is
detrimental to the performance of the device. The main effect {s to reduce
the photon intensity in the harmonfcs. For the same rms magnetic field error,
the reduction in intensity increases with the increasing harmonic number and

depends on the total number of perfods contained in the undulator. Results of



& single particle analysis for the normalized intensities of the first and
third harmonics as a function of rms field error are shown in Figs. 5§ and 6,
resbective1y. As can be seen, severe intensity reductions {in both harmonics
can be expected for devices with rms field errors greater than 0.5% and number
of periods greater than approximately 400. This value for the rms field error
has been achieved and even surpassed for several short (~ 2m) devices.
However, it is clear that meeting the tolerance requirements for long undula-
tors will require specifal effort and construction techniques. These factors
must be included if a realistic evaluation of the performance of long undula-

tors {s to be made. For undulators with less than 100 periods, the magnetic

field tolerance is not critical.
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FIGURE CAPTIONS

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

Fig. 6

On-axis brilliance verses photon energy for the 7.7 cm undulator at
the two magnet gaps specified on the PEP storage ring operating at
8 GeY in the LED mode. The simulation include the emittance given
in Table 1.

On-axis brillfance verses photon energy for a 3.3 cm-60 period
undulator on the PEP storage ring operating at 8 GeV in the LEO
mode. The simulation includes the emittance given in Table 1.

The peak on-axis first harmonic brilliance verses photon energy for
the 7.7 cm device in the LEO mode and the 3.3 cm device in the LEO
and VLEO modes at 8 GeY. The calculation includes the emittance
values given in Table 1.

The peak on-axis third harmonic brilliance verses photon energy for
the 7.7 cm device in the LEO mode and the 3.3 cm device in the LEO
and VLEO modes at 8 GeV. The calculation includes the emittance in
Table 1.

The normalized peak on-axis first harmonic intensity verses rms
undulator magnetic field error obtained from a single particle
analysis. Each curve {s calculated for an undulator with the total
number of periods shown in the figure.

The normalfzed peak on-axis third harmonic intensity verses rms
undulator field error obtained from a single particle analyses for

undulators. Each curve s calculated for an undulator with the

total number of periods shown in the figure.
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